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COMPLETE SPECIFICATION 
Improvements in Polymeric Compositions 



We, Celanese Corporation, of 525 Fifth 
Avenue, New York 36, State of New York, 
United States of America, a company in- 
corporated in accordance with the laws of 

5 the State of Delaware, United States of 
America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in 

10 and by the following statement : — 

This invention relates to improvements in 
polymeric compositions and, more particularly, 
compositions containing oxymethylene poly- 
mers. 

15 Thermoplastic oxymethylene polymers of 
high molecular weight, above 20,000, are 
known which are of such high strength and 
thermal stability that they are valuable as 
materials for use in making shaped articles, 
20 f or instance by extrusion or compression 
or injection moulding, especially where the 
articles must have higher mechanical strength 
and toughness and/or lower coefficient of fric- 
tion than is possible when using the common 
25 fairly inexpensive thermoplastic materials. 
However, the surfaces of articles made from 
such polymers, while of a low coefficient of 
friction which is often desirable, cannot be 
provided with firmly adherent decorative coat- 
30 ings unless subjected to a preireatment in- 
volving superficial etching and/or applica- 
tion to or formation on the surfaces of special 
sub-ccats. Such operations add to the steps 
needed in making the shaped articles and 
35 hence to their cost and sometimes cause 
deterioration of physical properties of the 
polymer. 

According to the present invention, an oxy- 
methylene polymer of the kind referred to is 
40 blended with a minor proportion by weight 

[Pri 



of a polymer of an ethylenically unsaturated 45 
ester of a saturated carboxylic acid. It has 
surprisingly been found that the physical pro- 
perties of the blend are not appreciably differ- 
ent from those of the oxymethylene polymer 
but that it is possible to make shaped articles 50 
frcm it to which decorative coatings adhere 
much more strongly than they do to articles 
made from the oxymethylene polymer alone. 

Hie oxymethylene polymer may be a homo- x 
polymer, Le. one in which the molecular 55 
chains consist solely of oxymethylene units, in 
which case it is preferred that the polymer 
should be one in which the te rmina l groups 
have been esterified or etherified, or a co- 
polymer, Le. one in which the molecular chains SO 
contain, besides oxymethylene groups, other 
groups dispersed along them derived from 
monomers such, for instance, as lactones, car- 
bonates, cyclic anhydrides, gtyddyl ethers, 
alkykne oxides, aldehydes higher than form- 65 
aldehyde and ethylenically unsaturated com- 
pounds, e.g- vinyi ethers, styrene, vinyl ace- 
tate, vinyl methyl ketone or acrolein. As is 
known, the introduction into the molecular 
chains of a small proportion, e.g. up to 20 70 
mole per cent, of groups having adjacent car- 
bon atoms forming links in the chains endows 
the polymer with increased thermal stability 
without detracting from its value as a thermo- 
plastic moulding material. Copolymers of 80 75 
to 99 mole per cent of trioxane and 1 to 20 
mole per cent of monomers providing oxy- 
ethylene groups, e.g ethylene oxide or dioxo- 
lane, axe particularly satisfactory for use 
according to tb£ invention. The polymers may 80 
be derived from more than two monomers, for 
instance very useful terpolymers are those ob- 
tainable by copolymerising trioxane, 1 to 20 
mole per cent of a monomer providing oxy- 
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ethylene groups and 0.01 to 7 mole per cent 
of a monomer providing cross-links between 
different molecular chains, for instance con> 
pcunds having at least two epoxy rings, at 
least two dioxacyclo rings or at least one 
ecoxv ring and at least one dicydo ring, and 
compounds having at least two oxa groups 
such as dialdehydes and diketones, e.g. buta- 
diene dioxide, resorcinol diglycidyl etfcer. 

The polymeric ester blended with theoxy 
methylene polymer may be derived from an 
SyialkanoIS having, for ^ « 

about 12 carbon atoms, and is preferably de- 
Zfhi™ tester of an alkanol having up to 
6 carbca "a»mf Polymers of vinyl acd££ 
aB yl acetate -*«-2Eft9S 



for half an hour, to develop optimum adher- 
ence. Surprisingly, however, samples gam- 
ing 10% or mere of the polymeric ester met 
all adherence tests without any treatment 
after moulding when injection mould tem- 
pStnres werf raised to higher leve^^g. 
120 ? C In fact, the improvement was obtained 

S^l2 »ntaini4 «> » 15 % P«*W 
ester at higher mould temperatures, although 
material tmperatures were somewhat do 



Infra red examination by attenuated tool 
reflection at the surface of 60 md stobsm- 
iection moulded at conventional oxymethylene 
polymer mould temperatures shows less than 
oSSalf as much as die polymeric ester than 
at a surface exposed by shaving off a 10 md 
layer. This effect is believed to be due to 
potential surface sobdffication of the i«y- 
methylene polymer at the relatively cold walk 
.. y l ,i j.— ♦»,- mat difference be- 



metnyiene pciy*uci u w«- [i-a »,« 

allvl acetate ana tne — f - ^ the mould, due to the great difference oe- 

ItS and butyrates are examples of suitable «™ fa melting points of the oxymethylene 
^ Copolymers comprising units derived JJ*^ ( 162*0. for a commercial co- 
frcm a mixture of the WJ~" polymer sample) and the 

»i» nnlwmpric ester 



esters. 

from a mixture 01 ™ i«.^-"-o ; — 7 , 
may be used as may polymers den v ed from 
fixtures thereof comprising also a mmor pro- 
portion of one or mere other vinyl or vmyh- 
dene monomers, fcr instance vmyl bahdes, ,-e* 
vinyl chloride, aryl alkenes, e.g. styrene or 
S-methyl styrene, esters of unsauirated 
cSboxylic acids, e.g. dibutyl fomarate, ^d - 
butyl maleate, methyl crotcnate^, ethyl acryl- 
atc methvl methacrylate or t-butyl acrylate, 
vinyl esters of aromatic airboxylic aads ^g. 
vinvl benzoate, unsaturated ethers, e.g. n-nutyi 
vinyl ether or phenyl vinyl ether, alkenylcar- 
boxylic acid nitrUes^eg. acrylomtnle or m^- 
acrylcnitrile, alkenyl carbosylic aod amides, 
ee. acrylamide or roethacrylamide, vinyl sub- 
fu^teo\etero - N : cycUcs, e.g. N - vmyl - 
2 - pyrrolidone or vinyl pyridines, or defines, 
e.g ethylene, propylene, iscbutylene, 1 - 
butene, 3 - methyl - 1 - butene or 4 - 
methyl - 1 - pentene. Generally, however, the 
polyvinyl alkanoates contain at least 50 mole 
Per cent, and preferably at least 75 mole 
per C ent, of units derived from the alkenyl 
Skanoates having up to about 18 carbon 

atoms. • t 

Whik the blend proportions may, in general, 
vaiy from approximately 1 to 25 weight per 
cent of the polymeric ester, certain propor- 
tions are preferred in specific embodiments, 
e.g. the 5 to 10% level appears to provide 
optimum mechanical properties. Homogeneity 
of all melts was excellent and complete 
clarity was apparent at levels as high as zo 
weight per cent Compression moulded samples 
exhibited excellent adhesion to coatings over 
the enire range, even at the lower levels, eg. 
1 to 5 weight per cent without any treat- 
ment after moulding. Injection moulded 
samples prepared at conventional mould tem- 
peratures for oxymethylene polymers, eg. 90 
to 95°C, required baking, e.g. at 120 C 
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poS » T and £ Second order glass 
Effion^pereture of the polymenc^r 
(e.g. 30°C for polyvinyl acetate). Apparently 
higher mould temperatures overcome the effect 
of the preferential precipitation and Provide 
the requisite blend composition for saushctory 
adherence of coatings. In fact, control of 
S Snperatures wculd appear toperm* 
the regulation of the proportion of polyene 
ester at the surface and hence of the degree 
of adherence. Thus, portions of moulded 
articles e.e. bearings, bolts or screws, re- 
tnf fuu^rengdi and surface charac- 
teristics, e.g. lubricity, of the oxymethylene 
odvmer could be provided by bringing the 
gySeric^er to me surface of on^those 
areas where an adherent decorative coating is 
required by using a mould temperature over 
Sse areas high tnough to produce the desired 
effect, te 110° to 130°C . 

foaling step after moulding improves tite 
adhesion of subsequently applied coatings i and 
aborting to a further aspect of die invention 
Moulded article comprising the Wend of 
the oxymethylene polymer and. 2™^%' 
torn 5 to 10 weight per cent °f ^polymenc 
ester, is subjected to temperatures of 115 
to 160°C for periods of at least 10 up to 

^anation^ufSe molecular weight of the 
polymeric ester does not appear to affect 
SSt achieved to any great extent, but 120 
intermediate molecular weight polymeric esters 
appear to result in better mechanical proper- 
ty and accordingly are preferred. More speci- 
fically, while polymeric esters having mole- 
cular weights represented by viscosities of 1.0 125 
to 25.0 cps (measured in a solution of 86.1 
Sams of polymer in sufficient benzene : to 
Si litre) may be employed, those exhib*- 
ing viscosities in the range of 10 to 20 cps 
are preferred. Molecular weights are approxi- 130 
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mately 1C0O times the viscosity values in cps 
measured in solutions of the concentration in- 
dicated. A particularly preferred species is a 
vinyl acetate homopolymer containing no 

5 more than 2.0% hydroxy! and having a mole- 
cular weight cf approximately 20,000. 

The compositions may be prepared by con- 
ventional blending methods, e.g. co-solution 
and co-precipitation, dry-blending of the pow- 

10 dered ingredients or co-extrusion, but melt- 
blending, wherein at least one component is 
maintained in fluid state, is preferred for ease of 
operation and homogeneity or product. Thus, 
the blending is preferably carried out at a 

15 temperature above the melting point of at 
least one of die blend components, generally 
between about 100°C. and 220°C. and prefer- 
ably between about 150°C. and 200°C, and 
vigorously mixing and shearing for a period 

20 between 1 and 20 minutes until substantial 
homogeneity has been achieved. If desired, 
a blend can be made containing a higher pro- 
portion of one ingredient than is desired in 
the final product and more of the other in- 

25 gredient added later. Usually, a high shear 
mixing device, such as a Urabender Plasto- 
graph* or Uanbury' mixer, is employed. The 
blending may, however, also be carried out in 
in a roll mill apparatus having oppositely 

30 rotating hollow cylindrical rolls of, for ex- 
ample, 12 inches diameter, driven at a speed 
in the range of 20 to 40 revolutions per 
minute, and steam heated to a temperature in 
the range of 165°C to about 195 °C; the 

35 cylindrical rclls have a variable clearance 
ranging down to a few thousandths of an inch, 
this clearance being varied during the course 
of the milling. A typical run involves charg- 
ing the blend components to the rolls with a 

40 load time of 3 to 5 minutes and rolling for 
4 to 5 minutes to produce a melt. The blend, 
which adheres to the rolls, is kneaded with 
reduced clearance between the rolls for a 
period of approximately 5 minutes and then 

45 cut and cooled. 

It is to be understood that conventional 
additives, including stabilisers, lubricants, 
fillers such as glass powder or chopped strand, 
finely divided copper, titanium dioxide and 

50 dyes may be incorporated into the blend. Such 
additive usually include stabilisers for the oxy- 
methylene polymer, for instance an amidine 
compound, e.g. melamine or cyanoguanidine, 
together with a phenolic antd-oxidant, pn> 

55 ferably an alkylene bisphencl, e.g. 2,2'-methy- 
lene bis(6 - t - butyl - 4 - methyl phenol). 

Moulded articles of the blend compositions 
may be made by any conventional methods, 
including compression moulding, injection 

60 moulding, vacuum forming, impact forming 
and blow moulding. These articles may be 
decorated with, for instance, paints, varnishes 
or metallic coatings, and may serve as bases 
for laminates with organic film-forming pory- 

65 meric substances. Adherence is also important 



in applications where no decoration as such is 
applied but where labels are to be affixed 
or other materials fixedly attached to the 
surface as by gluing, and these applications 
are also envisaged. Representative coatings 70 
include nitrocellulose formulations, auto- 
mobile paints, e.g. acrylic base lacquers or 
thermosets, alkyl-mdamines, organic resins 
such as the vinylidene chloride interpolyxners 
with, for instance, acrylonitrile, acrylic esters, 75 
e.g. methyl acrylate, itaconic acid, crotonlc 
acid or xnaleic acid, phenolics such as t- 
butylated phenol-formaldehyde, epoxy resins, 
e.g. of bisphenol A and epichlorhydrin, poly- 
ure thanes, e.g. of toluene di-isocyanate and SO 
ethylene glycol adipate, polyesters, e-g. poly- 
ethylene terephthalte, polyvinyls (such as ethy- 
lene/vinyl acetate copolymers, and metallic 
coatings such as may be deposited from for 
instance, copper or chromium plating formu- 85 
lations. 

Laminates with any otherwise suitable 
organic resin may be readily prepared, includ- 
ing multi-ply structures with more than one 
type of resin layer other than the blend of 90 
this invention. Representative of such organic 
resins are cellulose acetate, cellulose pro- 
pionate, cellulose acetate butyrate and cellu- 
lose propionate butyrate, the polyesters such 
as polyethylene terephthalate, the polyvinyl- 9f> 
dene chlorides and the polyolefines, eg. poly- 
propylene. 

The standard tests of adhesion employed 
for the purposes of this specification and 
claims are elsewhere briefly described as the 100 
'Scotch* Tape test and the scratch test. Scotch 
Tape is a Registered Trade Mark. The 
'Scotch* Tape test is carried out by remov- 
ing surface grease from an injection moulded 
60 mil slab or a compression moulded disc 105 
with a carbon tetrachloride rinse, wiping and 
drying, applying the desired coating in a tmn 
uniform coat, drying, e.g. in air overnight, 
scribing the dried coated surface with a razor 
blade in a pattern of 1/16 inch squares over HO 
an area about 3/4 to 1 inch square, apply- 
ing an adhesive tape such as 'Scotch* brand 
tape to the scribed surface and then quickly 
removing the tape in one motion. If any 
of the coating in the cross-hatch pattern is H5 
removed with the tape the sample is con- 
sidered to have failed the test. 

The scratch test is carried out by attempt- 
ing to scratch with removal of the coating 
the dried coated surface by applying the edge 120 
of a rounded circular metallic object, e.g. a 
coin, to the surface with moderate pressure. 

In the following Examples, which illustrate 
the invention, all melt index values were 
taken in accordance with ASTMD-1238-57T, 125 
under Condition E (designated *'lx**) or Con- 
dition F (designated "lOx"). Thermal decom- 
position rate constants (K D ) were measured 
on 5 gm. samples of the oxym ethylene poly- 
mers used which all contained 0.5% 2~2'- 130 
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methylene bis(4 - methyl - 6 - ternary butyl 
phenol), and 0.1% cyanoguaiiidine as stabil- 
isers. The samples, in the form of \/o inch 
pellets, were placed in a circulating air oven 
maintained at 230°C, re-vrcighing after a 45 
minute test period, and expressing the loss 
in weight as an average rate in units of weignt 
per cent per minute. 

Example 1 

A homogeneous blend of 85 parts of an 
oxymethylenc polymer containing about 2.0 /0 
of oxyethylene units and having a melt index 
(lx) of 9.0 decigrams per minute and 15 
parts of a vinyl acetate polymer (1.7% 
hydrcxyl; inherent viscosity in benzene of 1.ZJ 
was prepared by mixing the components in a 
Tlasto^raph' at 190°C for 10 minutes. 

A film was prepared from the clear blend 
melt and no gels or other inhomcgeneitics were 
evident in the film. The film was painted with 
a commercial acrylic base automobile paint 
and dried overnight. Adhesion of the pamt 
was tested by creasing the films through ISO 
when very little paint break was apparent. 

A portion of the blend was compression 
moulded into a 2 in~h disc at 190°C, and 
painted. The disc was dried overnight, scribed, 
with a razor blade into 1/16 inch squares and 
the 'Scotch* Tape test applied. Paint adhesion 
was excellent, evidenced by the complete 
absence of paint removal as the tape was 
pulled off the disc. . . 

In contrast with the results obtained in the 
above Example, a film prepared from the 
same oxymethylene polymer alone, when 
creased, showed a complete loss of paint at 
the crease while a compression moulded disc 
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made frcrn the oxymethylene polymer alone 
lest a substantial part of pamt under the 
'Scotch' Tape test, both film and disc bang 
painted in the same way as those made from 
the blend. 

Example 2 
Blends of an oxymethylene copolymer con- 
taining approximately 2% of oxyethylene unite 
a^Ta polyvinyl acetate CAYAT manufactiired 
by Union Carbide) containing 1.0, 3.5, 5.0 
and 10.0 weight per cent, respectively, of 
polyvinyl acetate were prepared by melt mis- 
ins in a 'Banbury 5 mixer at 160°C. for 6 
minutes. All samples exhibited thermal de- 
composition rate constants of less than 0.013 
weight per cent per minute. Compression 
moulded specimens (2X1/8 inch discs) were 
prepared, in a press with provision for air 
Sofing moulds at 190° C. and ?40°C. Injec- 
tion moulding was carried out m a M°™ * 
ounce injection machine at 238 C. material 
temperature, 93 °C. mould temperature and a 
pressure of 25,000 pounds per square inch 
with a 60 second cycle. The compression 
moulded samples in each instance and without 
further treatment passed the 'Scotch' Tape test 
when spray painted with an acrylic base auto- 
mobile paint. The injection moulded samples 
similarly passed the test when heat treated 
at temperatures ranging from 120 C. for tne 
5 and tt% samples to 155°C for the 1 and 
35°/, samples. Physical properties of the in- 
jection moulded samples were excellent, typi- 
cal figures for the 1 and 10% specimens being 
given below together with the figures for a 
control sample made from the oxymethylene 
polymer alone. 



Izod Impact (Notched) foot pounds per 
inch 

Tensile Strength psi 
Tensile Modulus psix 10* 
Tensile Impact foot pounds/inch 
Elongation % 

Vicat softening Temperature C 
PVAc=polyvinyl acetate 



Control 100% 
Copolymer 

1.17 
8,760 
0394 
76.4 
38.8 
161 



1.0% 
FVAc 

135 

8,440 

0.430 

100.2 
34.0 

16U2 



10.0% 
PVAc 

7.19 

7,450 

0.405 

9L2 

423 

160 



Similar results were obtained with 5, 10 
and 15 per cent samples employing a poly- 
vinyl acetate having an inherent viscosity 
(ASTA1D-1243-58T, Procedure A) of 0.12 and 
a softening point of 32°C. 

The samples also passed the scratch test 
after heat treatment. 

Example 3 
15 and 25% blends of polyvinyl acetate 
(having an inherent viscosity according to 
95 ProcJureAof ASTAlD-m^CT of (X69, a 
softening point of approximately 86 C. and a 



40 



43 



50 



55 



60 



6£> 



70 



tensile strength of 4200 psi) with an oxy- 
methylene copolymer con tainin g 2.0% of oxy- 
ethylene units and having a melt index (lx) 
of 2.5 decigrams per minute were prepared 
in a 'Banbury* mixer at 160 P C by mixing 
for 6 minutes. lOx/lx melt index ratios were 
28.6 and 37.8, for lx values of 3.56 and 
4.77, respectively. A 3x3x50 mil injection 
moulded slab (238°C material temperature, 
93 P C. mould temperature, 25,000 psi 6Q 
second cycle) prepared from the 25% blend 
passed the 'Scotch* Tape test without far- 
ther treatment. The 15% composition required 
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heat treatment. A similar run employing a 
high LV. (1.13) polyvinyl acetate at 10 and 
25% concentrations gave the same results. 
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Example 4 
A series of blends of polyvinyl acetate 
(inherent viscosity 0.69) and an oxymethylene*- 
oxyethylene copolymer (melt index (Ix) of 9.0 
decigrams per minute) ranging in composi- 
tion from 8 to 15 weight per cent of the poly- 
vinyl acetate were prepared, and injection 
moulded at a material temperature of 227° C, 
a mould temperature of 120 to 125 °C. and 
a pressure of 25,000 psi with a 60 second 
cycle. The 10, 11, 12, 13, 14 and 15% 
samples all passed the 'Scotch' Tape adhesion 
test without further treatment. The 8% 
sample required a heat treatment (120 9 C. for 
£ hour) to pass die test. All samples passed 
the scratch test after heat treatment at 120°C 
for i hour. 

WHAT WE CLAIM IS: — 

1. A thermoplastic composition comprising 
an oxymethylene polymer of molecular 
weight above 20,000 ana" which can be formed 
into shaped articles to which coatings adhere 
more strongly than to articles made from die 
polymer alone, said composition comprising 
the polymer blended with a minor proportion 
by weight of a polymer of an ethylenically 
unsaturated ester of a saturated carboxylic 
acid. 



2. A thermoplastic composition according 
to Claim 1, wherein the polymeric ester is 
polyvinyl acetate. 

3. A thermoplastic composition according 
to Claim 1 or 2, wherein the composition con- 
tains from 1 to 25% by weight of the poly- 
meric ester. 

4. A thermoplastic composition according 
to Claim 1, 2 or 3, wherein the oxymethylene 
polymer contains 1 to 20 mole per cent of 
oxymethylene groups. 

5. A thermoplastic composition compris- 
ing an oxymethylene polymer containing 1 to 
20 mole per cent of oxymethylene groups 
and polyvinyl acetate, substantially as des- 
cribed in any of the Examples. 

6. A thermoplastic composition, substan- 
tially as hereinbefore described and shaped 
articles made therefrom. 

7. Method of rendering articles made from 
compositions as claimed in any of the pre- 
ceding claims more strongly adhesive to coat- 
ings comprising heating the articles to a tem- 
perature of 115° to 160°C which is below 
the softening point of the composition for a 
period of from 10 to 45 minutes. 



A. J. BUTTERWORTH, 
Chartered Patent Agent, 
Brettenham House, 
Lancaster Place, 
Strand, London, W.C2. 
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